The cytotoxicity of Pyrus pyraster and Pyrus spinosa leaf and bark extracts, as well as their major compound, arbutin was tested against melanoma cell line (Fem-x) and healthy human embryonic lung fibroblast (MRC-5). The methanol extracts of P. pyraster (leaves and bark) exhibited significant cytotoxic effects towards Fem-x cells, with IC50 ranging from 11.55 to 46.78 μg/ml, and the corresponding dichlormethane extract IC50 ranging from 21.59 to 13.34 μg/ml. The dichlormethane extract of P. spinosa bark was active against both cells lines tested (IC50 11.97 and 12.92 μg/ml). Arbutin was found to be no cytotoxic against both Fem- 
INTRODUCTION
The genus Pyrus L. (Rosaceae) consist of 41 species, distributed in Eurasia and northwest Africa. Pyrus pyraster Burgst. is a tree with small leaves and spinose branches. The fruits are small to large with many stone cells and sour-astringent taste. Pyrus spinosa Forssk. is a shrub or small tree, very xerophite, with specific variability of the leaves. P. pyraster is native in central, western and southern Europe, while P. spinosa occurs mostly in the Mediterranean region and Iran (Jovanovic, 1972 (Jovanovic, , 1977 Zamani et al., 2012) .
Besides other polyphenolic compounds, arbutin is characteristic of genus Pyrus (Challice and Williams, 1968; Salta et al., 2010) . The previous studies have shown the presence of phenolic compounds (arbutin and tannins) in leaves and bark of P. pyraster (Petricic et al., 1981) , while the presence of phenolics in P. spinosa was connected with known disease resistance of this species (Challice and Westwood, 1972) . Televantou et al. (2008) reported one toxic hepatic injury which could be possibly connected with consumption of P. spinosa fruits. Arbutin, which was connected to hepatotoxicity because of its aglycone hydroquinone, as well as potent antimicrobial agent, was detected in Pyrus communis and P. pyraster leaves and bark, as well in the flowers and fruits of P. communis and other Pyrus species (Rychlinska and Gudej, 2003; Cui et al., 2005; Salta et al., 2010;  *Corresponding author. E-mail: ktatjana@pharmacy.bg.ac.rs. Tel: +381 11 3951351. Fax: +381 11 3972840. Azadbakht et al., 2004) .
The biological activity of P. pyraster or P. spinosa extracts has not been studied before. Some data were available for antimicrobial and antioxidant activities of P. communis and other pear cultivars, especially for antioxidative activity of fruits (Azadbakht et al., 2004; Jamuna et al., 2011) . Recent paper of Shahaboddin et al. (2011) has shown significant antioxidant, hypoglycaemic and hypolipemic activities of P. biossieriana Buhse leaves, while Salta et al. (2010) studied antioxidative activity of P. communis fruits. P. spinosa was not studied chemically nor biologicaly, while P. pyraster extracts, as a rich source of arbutin, could be considered as potential antimicrobial agents. For these reason, this study aimed to screen arbutin presence and antimicrobial activity against broad range of bacteria and fungi of P. pyraster and P. spinosa extracts.
Also, the inhibitory effects of arbutin on melanin synthesis is well-known, and as cytoprotective effect (Seyfizadeh et al., 2012; Chen et al., 2009) , whereas cytotoxicity was demonstrated for a high concentration (mM) of arbutin in B16F10 melanoma cells (Seyfizadeh et al., 2012; Chen et al., 2009; Jun et al., 2008) . The same results were obtained for two humane breast cancer cell lines, MCF-7/Adr and wild-type MCF-7/wt (Berdowska et al., 2013) . Also, several studies reported that arbutin reduces cellular tyrosinase activity in human melanocyte culture and human melanoma cells at noncytotoxic concentration, while the inhibitory effects of hydroquinone on melanogenesis, the product of arbutin hydrolysis, were concider to be due to the inhibition of tyrosinase in melanocytes and to its cytotoxicity against melanocytes (Sugimoto et al., 2004) . In continuation of cytotoxicity studies, we are presenting the results of cytotoxicity against healthy human embryonic lung fibroblast (MRC-5), as well against melanoma cell line (Fem-x) of Pyrus extracts and arbutin.
MATERIALS AND METHODS

Plant material
The plant materials (bark and leaves) of Pyrus pyraster Burgsd. and Pyrus spinosa Forssk. were collected on mountain Ozren (Serbia), in July 2010. The bark was peeled from younger branches and with leaves, dried at the room temperature. The bark (93 g) and the leaves (160 g) of P. pyraster were extracted with cyclohexane, dichlormethane and methanol (70%, v/v) at room temperature for two days, consecutively. The same procedure was used for extraction of bark (230 g) and leaves (790 g) of P. spinosa. After the evaporation of the solvents, dichlormethane and methanol extracts were obtained and used for cytotoxicity and antimicrobial test.
Determination of arbutin content
The arbutin content of dry barks and leaves, as well as in the methanol extracts of our samples was determinate using HPLC method, with slight modification, according to the monograph of Uvae ursi folium in the European Pharmacopoeia (The European Pharmacopeia, 2007).
Methanol extracts (5 mg/ml) and standard substance arbutin (1 mg/ml) were dissolved in mobile phase. Mobile phase was methanol/water (10:90, v/v). HPLC separation was performed using a Agilent 1100 Series system equipped with a G-1312A binary pump, a G-1328B injector (20 μl loop) and G1315B DAD detector. The column used was a ZORBAX Eclipse XDB-C18 (4.6 x 250 nm, 5 m) and operated at a temperature of 25°C, at a flow rate of 1.2 mL/min. The injection volume was 20 μL. Quantification of arbutin was performed under the same condition; detection wavelength was 280 nm. The results were calculated for the methanol extracts and with the reference to the dry drug. The arbutin standard was purchased from Sigma-Aldrich.
Cytotoxicity
Cell lines
The human melanoma Fem-x and human embryonic lung fibroblast MRC-5 cell lines were obtained from the American Type Culture Collection (Manassas, VA, USA). Cisplatin (Medac Gesellschaft mbH, Germany) was used as standard substance. Both cancer cell lines were maintained in the recommended RPMI-1640 medium supplemented with 10% heat-inactivated (56°C) fetal bovine serum, l-glutamine (3 mM), streptomycin (100 mg=mL), penicillin (100 IU=mL) and 25 mM HEPES and adjusted to pH 7.2 by bicarbonate solution. Cells were grown in a humidified atmosphere of 95% air and 5% CO2 at 37°C.
Treatment of cell lines
Stock solutions (100 mg/ml) of extracts or compound, made in dimethylsulfoxide (DMSO), were dissolved in corresponding medium to the required working concentrations. Neoplastic Fem-x cells (3000 cells per well) and human embryonic lung fibroblast MRC-5 cells (5000 cells per well) were seeded into 96-well microtiter plates, and 24 h later, after the cell adherence, five different, double diluted, concentrations of investigated compounds, were added to the wells except for the control cells to which a nutrient medium only was added. Nutrient medium was RPMI 1640 medium, supplemented with L-glutamine (3 mM), streptomycin (100 mg/ml) and penicillin (100 IU/ml), 10% heat inactivated (56°C) fetal bovine serum (FBS) and 25 mM Hepes, and was adjusted to pH 7.2 by bicarbonate solution. The cultures were incubated for 72 h.
Determination of cell survival
The effect of extracts on cancer cell survival was determined by MTT test, according to Mosmann (1983) with modification by Ohno and Abe (1991) , 72 h upon addition of the compounds, as it was described earlier. Briefly, 20 µl of MTT solution (5 mg/mL PBS) were added to each well. Samples were incubated further for 4 h at 37°C in 5% CO2 and humidified air atmosphere. Then, 100 µl of 10% SDS were added to extract the insoluble product formazan, resulting from the conversion of the MTT dye by viable cells. The number of viable cells in each well was proportional to the intensity of the absorbance of light, which was then read in an ELISA plate reader at 570 nm. Absorbance (A) at 570 nm was measured 24 h later. To get cell survival (%), A of a sample with cells grown in the presence of various concentrations of the investigated extracts was divided with control optical density (the A of control cells grown only in nutrient medium), and multiplied by 100. It implied that A of the blank was always subtracted from A of the corresponding sample with target cells. IC50 concentration was defined as the concentration of an agent inhibiting cell survival by 50%, when compared with a vehicle-treated control. All experiments were done in triplicate.
Antimicrobial activity
Microorganisms and culture conditions
For the bioassays eight bacterial species were used, including four (Booth, 1971) .
Microdilution method
In order to investigate the antimicrobial activity of the compounds tested, the modified microdilution technique was used (Hanel and Raether, 1998; Daouk et al., 1995) . Bacterial species were cultured overnight at 37°C in Luria-broth (LB) medium. The fungal spores were washed from the surface of agar plates with sterile 0.85% saline containing 0.1% Tween 80 (V/V). The fungal and bacterial cell suspension was adjusted with sterile saline to a concentration of approximately 1.0 x 10 5 CFU/ml in a final volume of 100 μl per well. The inocula were stored at +4°C for further use. Dilutions of the inocula were cultured on solid MH for bacteria and solid MA for fungi to verify the absence of contamination and to check the validity of the inoculum.
Minimum inhibitory concentrations (MICs) determination was performed by a serial dilution technique using 96-well microtitre plates. The investigated compound were dissolved in DMSO/H2O=50:50 (1 mg/ml) and the extracts dissolved in DMSO/H2O=50:50 (10mg/ml) and added to LB medium for bacteria or broth malt medium for fungi with inoculum. The microplates were incubated for 48 h at 37°C for bacteria and or 72 h at 28°C, for fungi. The lowest concentrations without visible growth (at the binocular microscope -Leica, type 020-518.500 DM LS) were defined as MICs. The minimum bactericidal concentrations (MBCs) and fungicidal concentrations (MFCs) were determined by serial subcultivation of a 2 µl into microtitre plates containing 100 µl of broth per well and further incubation for 48 h at 37°C or 72 h at 28°C, respectively. The lowest concentration with no visible growth was defined as MBC/MFC respectively, indicating 99.5% killing of the original inoculum. All experiments were performed in duplicate and replicated three times. Streptomycin, amplicilin and commercial fungicide, bifonanazole and ketoconazole, were used as positive controls (0.05-3 mg/ml).
RESULTS
Arbutin content
HPLC analysis of methanol extracts have shown high content of arbutin in methanolic extract of the leaves of P. pyraster (70.88%) and P. pyraster methanol extracts of bark (49%), or calculated on dry basis of leaves (9.5%) Kundaković et al. 513 and bark (5.5%), respectively. The arbutin content was lower in methanol extracts of P. spinosa bark (2.0%) and leaves (2.4%) or calculated on a dry basis of bark (0.12%) and leaves (0.12%), respectively (Figure 1 ).
Cytotoxicity
In vitro cytotoxic activity
The cytotoxic action of P. pyraster and P. spinosa extracts, as well as pure compound arbutin, were tested against human melanoma Fem-x and human embryonic lung fibroblast MRC-5 cell lines. The cytotoxicity (IC50 values in μg/ml) of leaves and bark extracts of P. pyraster and P. spinosa against the tested cancer cell lines are summarized in Table 1 . The methanol extracts of P. spinosa of both leaves and bark did not show cytotoxic activity against the Fem-x and normal MRC-5 cell lines. On the contrary, the methanol extracts (leaves and bark) of P. pyraster exhibited significant cytotoxic effects towards Fem-x cells, with IC50 ranging from 11.55 to 46.78 μg/ml. The normal MRC-5 cell lines methanol extracts of the bark of P. pyraster displayed some mild cytotoxic effect (IC50 91.27 μg/ml) and no activity of the methanol extracts of leaves (IC50 > 200 μg/ml). The dichlormethane extract of both leaves and bark of P. pyraster exhibited remarkable cytotoxic effect against Fem-x cells (IC50 ranging from 21.59 to 13.34 μg/ml) and MRC-5 cells (IC50 63.52 and 27.07 μg/ml, respectively).
The dichlormethane extract of P. spinosa bark revealed high inhibitory effect against the both cells lines tested (IC50 11.97 and 12.92 μg/ml), but corresponding extract of leaves exhibited lower cytotoxicity (IC50 106.17 and 148.63 μg/ml). Arbutin was found to be no cytotoxic against both Fem-x and MRC-5 cells in vitro with an IC50 > 200 μg/ml which suggested that arbutin was not involved in cytotoxicity of P. pyraster methanol extracts against Fem-x and also of the methanol extract of the bark against MRC-5 cell line. This is in accordance with data that arbutin has a cytotoxic effect at high concentrations (Seyfizadeh et al., 2012; Chen et al., 2009; Jun et al., 2008) . The results of Berdowska et al. (2013) showed the same results with an EC50 >1000 mM against wild-type human breast cancer cell line MCF-7/wt, but with higher cytotoxicity against adriamycinresistant MCF-7/Adr.
Antimicrobial activity
Antibacterial activity of dichlormethane (DCM) and methanol extracts (MeOH) of barks and leaves of P. pyraster and P. spinosa and arbutin are presented in Tables 2 to 4. The wild pear's extracts and compound tested showed antibacterial activity against all bacteria species, but on different level. MIC ranged between 0.10-0.30 mg/ml, while MBC was of 0.20-0.30 mg/ml. The best antibacterial activity was obtained for dichlormethane extract of leaves of P. spinosa, MIC ranged from 0.10-0.20 mg/ml and MBC from 0.20-0.25 mg/ml. Arbutin has also showed good antimicrobial activity, similar to the dichlormethane extract of P. spinosa. The lowest antibacterial activity among all extracts tested here was control, streptomycin and ampicillin were also active against all the bacteria. Range of MIC for streptomycin is 0.05-0.15 mg/ml and MBC 0.05-0.30 mg/ml, while ampicillin showed slightly lower antibacterial potential with MIC 0.10-0.30 mg/mL and MBC 0.15-0.50 mg/mL. When we compare biological activity of extracts and arbutin with commercials antibiotics, we could see that tested samples showed slightly lower antibacterial potential (Table 5) .
Microorganism
Pyrus spinosa
Microorganism
Pyrus pyraster
The results of antifungal activity of tested pear's extracts and arbutin are presented in Tables 2 to 4. All the extracts and arbutin showed antifungal activities in the MIC range of 0.05-0.20 mg/ml and MFC range of 0.10-0.30 mg/ml. The best antifungal activity was obtained for the dichlormethane extract of bark of P. pyraster with MIC of 0.05-0.10 mg/ml and MFC was 0.10-0.20 mg/ml. The lowest antifungal activity can be seen for the methanol extract of bark of P. spinosa with MIC of 0.10-0.20 mg/ml and MFC of 0.20-0.30 mg/ml. C. cruzei was the most sensitive tested fungi with MIC 0.05-0.10 mg/ml and MFC at 0.10-0.20 mg/ml, while A. flavus was the most resistant species with MIC 0.01-0.20 mg/ml and MFC at 0.20-0.30 mg/ml. Bifonazole possessed inhibitory activity of 0.05-0.20 mg/ml and fungicidal of 0.15-0.25 mg/ml, while ketoconazole showed lower potential with MIC of 0.20-2.50 mg/ml and MFC of 0.50-3.00 mg/ml. The synthetics fungicides exhibited lower or similar antifungal activity as samples tested (Table 5) .
DISCUSSION
The phenolic compounds content was the characteristic of Pyrus sp. (Challice and Westwood, 1972) . Arbutin, as a well-known antimicrobial agent, was the most important. Most of the papers dealt with phenolic content in the fruit of different pear cultivars (Zhang et al., 2006; Cin, 2005; Schieber et al., 2001 ). According Cui et al. (2005) , the fresh fruit of P. communis has lower arbutin content than oriantal pear cultivars (0.164 g/g). Our results were in accordance with the results of Petricic et al. (1981) .
They showed that P. pyraster leaves from Croatia contain arbutin of 8.8%, while the samples of P. pyraster and P. spinosa from Macedonia contained about 3% of arbutin. The barks of the same plants contained higher amount of arbutin (39.7%). Some authors suggested that the content of arbutin depends on the method of drying and the time of the collection and usually were between 3 and 8% (Friedrich, 1958) . The content of arbutin in the P. biossieriana leaves was higher (12.6%) and could be connected with hypoglycemic effects in rats (Shahaboddin et al., 2011) .
According the literature, these are the first results of cytotoxic action and antimicrobial activity of P. pyraster and P. spinosa extracts. The dihlormethane and methanol extracts, as well as pure compound arbutin, were tested against human melanoma Fem-x and human embryonic lung fibroblast MRC-5 cell lines, and selected bacteria and fungi. The methanol extracts of P. spinosa of both leaves and bark did not show cytotoxic activity against the Fem-x and normal MRC-5 cell lines. On the contrary, the methanol extracts (leaves and bark) of P. pyraster exhibited significant cytotoxic effects towards Fem-x cells, with IC50 ranging from 11.55 to 46.78 μg/ml. The normal MRC-5 cell lines methanol extracts of the bark of P. pyraster displayed some mild cytotoxic effect (IC50 91.27 μg/ml) and no activity of the methanol extracts of leaves (IC50 > 200 μg/ml). Arbutin was the major compound of P. pyraster methanolic extract (leaves: 70.88%; bark: 49%), but with no cytotoxic effect against both Fem-x and MRC-5 cells in vitro with an IC50 > 200 μg/ml. Low toxicity of arbutin is in accordance with previous in vitro studies of human melanocytes exposed to arbutin at concentrations below 300 μg/ml which showed decreased tyrosinase activity and melanin content with little evidence of cytotoxicity (Ding et al., 2001; Sapkota et al., 2010) . The methanol extracts of P. spinosa of both leaves and bark did not show cytotoxic activity against the Fem-x and normal MRC-5 cell lines. The wild pear`s extracts and compound tested showed antibacterial activity against all bacteria and fungi species. The best antibacterial activity was obtained for dichlormethane extract of leaves of P. spinosa and arbutin, while the lowest activity exhibited the methanol extract of P. pyraster. If we compare biological activity of extracts and arbutin with commercials antibiotics, we could see that tested samples showed slightly lower antibacterial potential. On the contrary, the best antifungal activity was obtained for the dichlormethane extract of bark of P. pyraster, while the lowest antifungal activity can be seen for the methanol extract of bark of P. spinosa.
Conclusion
From the results of the present work, it can thus be Kundaković et al. 517 concluded that the methanol and dichlormethane extracts of both leaves and bark were selectively toxic against the Fem-x cells, with exception of dichlormethane extract of P. spinosa of the bark which also displayed high inhibitory effect on the proliferation of the MRC-5 cells. In summary, P. pyraster and P. spinosa methanol extracts, except methanol extract of P. spinosa leaves, inhibit Fem-x cellular proliferation at nontoxic concentrations of healthy MRC-5 cells and therefore can be a good candidate for further stages of screening in vivo and/or in vitro. The growth of tested bacteria and fungi responded differently to the compounds tested, which indicates that different components might have different modes of action or that the metabolism of some microorganisms was able better to overcome the effect of the agents or adapt to it. As a rich source of arbutin, with strong antimicrobial activity, and selective cytotoxicity against tested malignant cells, P. pyraster could be further studied for potential use in urinary tract diseases as well as cytotoxic agents. Further chemical analysis of P. pyraster extracts from both leaves and bark, and P. spinosa bark extracts should be conducted to find cytotoxic compounds responsible for cytotoxic activities.
